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Measurements of Seismic Road Vibrations 
L. T. Long 
Professor of Geophysics, School of Earth and Atmospheric 
Sciences, Georgia Institute of Technology, Atlanta, Georgia 
SYNOPSIS Vibrations from vehicles on adjacent roads can impact sensitive instruments or structures 
with historic significa~ce. ~he amplitudes of v~brations (A) from steady traffic in Atlanta, Georgia, 
were found to decay wl.th dl.stance (r) accordl.ng to the relation Log[A(mm/s) ]=0.9-1.25Log(r{m)]. 
Intervening topographic relief reduces the level of vibration. Using this relation, the impact of a 
proposed highway was estimated to cause an 8 percent degradation in photographic images with telescope. 
~ topographic barrier could reduce, but would not eliminate the impact of highway vibration. In a 
second application, a freeway access ramp was originally planned close enough for.the vibrations from 
trucks to be occasionally felt inside the structure. In the final design, the highway was more distant 
ind supported by pillars, reducing the vibration level to near pre-construction levels. 
INTRODUCTION 
The passage of vehicles, such as cars, 
trucks and construction equipment, over a road 
surface generates seismic vibrations. These 
vibrations are propagated away from the roadbed, 
principally as Rayleigh waves. In an urban 
environment, seismic road vibrations are normally 
comparable to ambient vibration levels and are 
not as disturbing as the acoustic noise for 
comparable distances. However, vibrations can 
influence sensitive research instruments, and 
could impact structures located unusually close 
to the roadbed. This paper describes two 
examples which are taken from studies performed 
for the preparation of environmental impact 
statements for expressways in the Atlanta 
vicinity. 
1. The Fernbank Science Center telescope, located 
just east of Atlanta in Decatur, Georgia, is 
located in a residential zone isolated from heavy 
machinery and other sources of vibration. There 
was concern that seismic vibrations from vehicles 
on a proposed freeway would degrade the image in 
timed photographs of stars. 
2. Fragile buildings or buildings with historical 
significance are a second example. The Rhodes 
Hall in Atlanta, Georgia, which is a visual 
replica of portions of castles along the Rhine, 
was to be within 30 meters of a proposed access 
ramp to the Brookwood Interchange. Concern here 
was whether the vibrations from the adjacent ramp 
would be felt or would be large enough to cause 
damage. 
METHOD OF SOLUTION 
The first step in assessing the impact of seismic 
road vibration is to define its characteristics. 
Many measurements were taken in Atlanta, sampling 
vibration levels from vehicles at various 
distances from highways and sampling vibrations 
that have propagated across a variety of 
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topographic features. Measurements in this study 
were taken with particle velocity sensors. The 
sensors are described in Long (1971) and the 
basic measurements are given in Long (1971) with 
additional data from studies of students (e.g. 
Butler, 1975) and other applications of the 
technique to specific targets such as Rhodes 
Hall. Particle velocity is an appropriate 
measure since the limits for damage and for 
detection in terms of particle velocity are 
largely independent of frequency. Amplitudes 
quoted are the average of many peak values or 
estimates of the rms amplitude. 
The second step is to define the existing level 
of vibration at the structure. For specific 
buildings or instruments, measurements were made 
adjacent to or in the structures, such as on the 
Fernbank Science Center telescope pier. 
The third step is to estimate vibration levels 
expected for a proposed highway, either through 
comparisons with data taken in- analogous 
situations, or through direct measurement. In 
the case of the Fernbank Science Center 
telescope, a truck driving on a driveway adjacent 
to the sensitive instrument was used to 
artificially generate vibrations with amplitudes 
comparable to the anticipated vibrations from the 
proposed highway. This provided a direct 
measure of the impact. The impact was evaluated 
by a comparison of photographic images developed 
separately in normal and artificially higher 
vibration levels. 
The final step is to define the impact of road 
vibrations and, if appropriate, suggest ways to 
mitigate its impact. 
CHARACTER OF SEISMIC ROAD VIBRA~IONS 
The excitation of vibrations by·moving vehicles, 
the attenuation of vibrations with distance from 
the highway and variations in the attenuation 
rate with distanqe related to topography and 
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geologic structure, are the relevant properties 
of seismic road vibration needed to assess its 
impact. The probability that vibrations will 
impact a structure can be affected by the 
frequency content of the vibrations; however, in 
this study the dominant frequencies of seismic 
road vibrations were found to be consistently 
within 5 to 20 Hertz and differences that would 
vary the impact were not observed. 
1. Attenuation with Distance 
Steady traffic is a convenient reference for the 
attenuation with distance of seismic road 
vibrations. Steady traffic is considered 15 to 
60 cars per minute with no large trucks. Figure 
1 shows a compilation of many measurements of 
steady traffic in the Atlanta, Georgia, vicinity. 
The decay rate fits the relation, 
Log(A(mmfs)J = 0.9- 1.25*Log(r(m)], (1) 
where A in millimeters per second is the rms 
amplitude of particle velocity, and r in meters 
is the distance. A single car fits the same rate 
of decay, but has half the amplitude. The 
empirical relation is valid for 30 to 300 meters. 
The limit at 300 meters is dictated by typical 
background vibration levels found in a suburban 
environment. Distances closer than 30 m, which 
generally occur within the highway right-of-way, 
are within one wavelength of the source and 
near-source effects could affect the amplitude 
measurements. Vehicle speed in the range of 50 
to 100 kmfhr did not appear to affect the 







Figure 1. Amplitudes observed for steady traffic 
in Atlanta, Georgia. 
2. Excitation Level by Type of Vehicle 
Trucks and other heavy multi-axal vehicles, 
when in motion, have greater momentum and road 
loading capabilities than passenger cars. To 
determine the ratio of truck seismic vibration to 
passenger vehicle seismic vibration, measurements 
of both were made at identical locations. The 
vibrations from trucks are an average of 4 times 
larger than single passenger car vibration levels 
and twice the level of steady traffic. Figure 2 
shows that the rate of decay with distance is 
similar for different vehicle types. 
Construction vehicles, which could generate 
unusually large vibrations during construction, 
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generate vibration levels from .1 to 1 mmfs at 30 
meters. The level of 1 mmfs can be felt. 
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Figure 2. Amplitudes observed for different 
source types of seismic road vibration: • = 
steady traffic, + = trucks, ¢ = single cars, and 
o = construction equipment. 
3. Frequency Content 
The frequency content of seismic road 
vibrations observed in this study ranges from 1 
to 50 Hertz with peaks near 15 Hz in Atlanta. 
Figure 3 shows the typical peak in energy at 15 
Hz and a typical variance associated with 
frequency determination at a single site. In 
measurements of changes in spectra with distance 
the high frequencies decay more rapidly with 
distance. Such decay is expected and the Atlanta 
data suggest a Q of 50 for surface waves. The 
characteristic frequencies in the soft sandy soil 
of Florida were lower with peaks near 8 Hertz, 




Figure 3. Normalized average spectra for steady 
traffic road vibration in Atlanta, Georgia. 
4. Effect of Topography 
Field measurements were made at locations 
with and without intervening topographic relief. 
In Figure 4, the zero relief value gives a 
vibration level which is a factor of two higher 
than the relation for expected vibrations with 
distance (Figure 1). An area with approximately 
13 m of vertical relief within 50 m of the 
roadbed severely attenuated the lower frequency 
components of seismic vibration. This location 
gave 0.002 mm/s, which is near background levels, 
with most of the energy in the 40 to 50 Hz range. 
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Intervening topography in excess of the 1 to 3 m 
average topography decreases the vibration level 
at a rate of 3 dB per meter. Topographic 
features on the order of 0.25 wavelength severely 
attenuate surfade waves. Since the wavelengths 
of seismic road vibration range from 2 to 30 m, 
reflection from topographic relief is the most 
likely explanation for the observed attenuation 
factor of 3 dB per meter. 
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Figure 4. Relative decrease in expected 
vibration level versus vertical relief. 
5. Geologic or Regional Variations 
The typical Atlanta roadbed and adjacent 
soil profile consists of 3 to 10 m of soil and 
weathered rock over unweathered gneiss. The road 
bed, in particular the velocity structure of the 
soil and weathered rock, influences the vibration 
level. This velocity structure facilitates the 
propagation of 15-30Hz surface waves because the 
minima in the group velocities for surface waves 
are in the 15 to 30 Hertz range. In Atlanta, 
unweathered crystalline Piedmont rocks are often 
close to the surface and serve as the roadbed 
without intervening soil or weathered rock. 
Measurements of seismic vibrations in areas 
lacking weathered rock or soil are 6 to 18 dB 
lower, in part because topographic relief is 
common to areas of excavation to unweathered 
rock, and in part because the higher seismic 
velocities require higher frequencies for the 
group velocity minima. Also, in a related study 
it was determined that roadbeds suspended on 
pillars (bridges and overpasses) decreased the 
excitation of seismic road noise. In contrast, 
measurements in an area of deep sandy soil, such 
as in Florida, were on average a factor of 3 
lower than similar measurements in Atlanta 
(Figure 5). A soft roadbed may also serve to 
dampen the excitation of surface waves in the 
surrounding ground. 
EXPECTED AND PROJECTED VIBRATION LEVELS 
1. At the Fernbank Science Center telescope, 
the empirical seismic vibration attenuation 
relation predicts 0.006x10 mmfs at 275 m for a 
single car. The existing vibration level at the 
telescope pier is 0.0018 mmfs with no traffic. 
In order to measure degradation of the image from 
the telescope, higher levels of road vibrations 
were simulated by driving a truck at 100 m from 
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Figure 5. Seismic vibrations from trucks 
measured in Tampa, Florida. Note that the trucks 
in Tampa, Florida, registered a factor of 3 lower 
than those in Atlanta, Georgia. 
image and vibration levels. The increase in 
image width in proportion to increased vibration 
level suggests that the proposed highway at 300 
m would cause a degradation of up to 8 percent 
for heavy trucks at 275 m, whereas the existing 
minimum vibration level on the pier of 0. 0018 
mm/s predicted a deterioration of 0.2 percent. 
2. Vibration levels inside Rhodes Hall ranged 
from 0.03 to 0.1 mmfs for steady traffic. The 
higher values correspond to suspended floors 
which would be expected to amplify ambient 
vibrations. Vibration levels on the structurall) 
more-rigid portions of the building (about 0.03 
mrn/s) compared to mean values of 0.05 mmfs fox 
steady traffic at a distance of 30 m as measured 
outside the building. Vibration levels for 
trucks at close range are included in figure 2 
for situations relevant to Rhodes Hall. The 
estimated level of vibration for steady traffic 
on the access ramp is o. 1 to 0. 3 mrn/ s, only 
slightly higher than existing vibration levels. 
Trucks would generate vibration levels of 0.3 to 
0.5 mmfs, with individual trucks peaking at 2 to 
4 times this level, occasionally large enough to 
be felt. 
RECOMMENDATIONS AND CONCLUSIONS 
This study considered seismic road 
vibrations generated on roads maintained in good 
condition. However, it was noticed that unusual 
surface conditions, such as bumps or holes, 
accentuated the excitation of road vibrations. 
Mitigation of vibrations from highways clearly 
requires elimination of surface irregularities. 
Vertical irregularities accentuate the vertical 
motion of a vehicle and more easily couple energy 
to the roadbed for propagation away as seismic 
road vibrations. The recommendations and 
conclusions assume that the roadbed will be 
maintained. 
1. At the Fernbank Science Center the impact 
would have bene reduced by including a 
topographic barrier between the roadbed and 
telescope. A barrier providing 10 dB attenuation 
in the vibration level would be the largest 
practical barrier for the area, but the vibration 
levels would still be 4 times larger than the 
existing background level. The Stone Mountain 
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Freeway in Atlanta, Georgia, was not built and 
the impact has been limited to moderate increases 
in traffic on residential streets. 
2. A redesign of the Brookwood interchange 
moved to access ramp to a distance in excess of 
50 m and placed the ramp on pillars, instead of 
below grade. The net effect was to maintain a 
vibration consistent with existing highway 
induced vibrations on adjacent streets. 
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